SUMMARY
We describe a case of severe traumatic brain injury with multiple facial and skull fractures where CT angiogram (CTA) failed to yield a definite result of brain death as an ancillary test. A 28-year-old man was admitted following a road traffic accident with a Glasgow Coma Score (GCS) of 3/15 and fixed pupils. CT brain revealed uncal herniation and diffuse cerebral oedema with associated multiple facial and skull fractures. 72 h later, his clinical condition remained the same with high intracranial pressure refractory to medical management. Clinical confirmation on brain death was not feasible owing to facial injuries. A CTA, performed to determine brain perfusion, yielded a 'false-negative' result. Skull fractures have possibly led to venous prominence in the cortical and deep venous drainage system. This point needs to be borne in mind while considering CTA as an ancillary test to confirm brain death.
BACKGROUND
Brain death, or the irreversible cessation of function of the brain, is commonly defined by clinical examination. While clinical examination remains the key in determining brain death, and is the accepted method of determining brain death in most countries, there are certain situations when the clinical criteria may not be sufficient and ancillary tests are required. We describe a case of severe traumatic brain injury (TBI) with multiple facial and skull fractures where CT angiogram (CTA) failed to yield a definite result of brain death .Both false-positive and false-negative results are known to happen in this clinical setting. Skull fracture as a reason for false-negative result is something which is not emphasised in the literature. When a similar clinical dilemma is encountered, it is worth considering an alternate ancillary test to confirm brain death, and in case of false-negative result, a meticluous interpretation of the same should be adopted.
CASE PRESENTATION
A 28-year-old man was admitted following a road traffic accident with a GCS of 3/15 and fixed unreactive 5 mm pupils. He sustained multiple facial injuries. CT brain revealed multicompartment haemorrhage, right-sided subdural haematoma and extensive subarachnoid haemorrhage as well as diffuse brain swelling (figure 1). CT also revealed multiple skull and facial bone fractures with pneumocephaly, and multiple fractures of the floor and walls of the left orbit ( figure 2 ). An intracranial pressure (ICP) monitor was inserted and monitored in the intensive care unit. His ICP was more than 40 mm Hg persistently and refractory to maximal medical management. By day 3 in the ICU, he was rewarmed and weaned off all sedation; however, his GCS remained 3/15 and his pupils remained fixed and dilated. Extensive facial injuries made the examination of cranial nerves difficult and clinical tests to confirm brain death were inconclusive. 
INVESTIGATIONS
Brain stem testing was carried out, which included cranial nerve examination and apnoea test. We experienced difficulty in interpreting the cranial nerves owing to significant periorbital swelling and facial oedema. An ancillary test was considered to confirm brain death. Subsequent CTA revealed enhancement in cortical vessels and deep venous drainage bilaterally, thereby not meeting CTA criteria for brain death (figures 3-5). Carefully considering the CT brain findings, the clinical picture and the 'false-negative' CTA result, the patient was diagnosed to be brain dead and the body was sent for organ harvesting as per the patient's previous wish.
DISCUSSION
In many countries, clinical testing is considered to be sufficient for confirmation of brain death. However, certain cases may require further testing to determine brain death. A number of confirmatory tests are accepted including EEG, cerebral angiogram, radionuclide angiography and MRI and CTA. For the confirmation of brain death by CTA, a seven-point system is used to evaluate lack of opacifaction of the pericallosal arteries, middle cerebral arteries, internal cerebral vein, basilar artery and great cerebral vein postcontrast injection. CTA, as a method of brain death determination, was validated by Dupas et al 1 in 1998 and, on the basis of that study, was accepted as a method of brain death determination in France. A Canadian report in 2008 suggetsed that clinical examination should be performed to the fullest extent possible and that demonstrating absence of brain blood flow by the following techniques fulfil the criteria for ancillary testing: (1) radionulcide angiography or CT angiography; (2) traditional four-vessel angiography; (3) MR angiography or xenon CT. 2 A further report from Canada in the same year stated that EEG is no longer a recommended tool to assess cerebral perfusion, as reflected by the presence or absence of cerebral blood flow, when clinical assessment is insufficient. 3 A recent study evaluated the sensitivity and specificity of the established seven-point CT angiogram score as well as a novel fourpoint score based on lack of opacification of the cortical segments of the middle cerebral artery (MCAs) and internal cerebral vein (ICVs) evaluating 105 patients with clinically diagnosed brain death. 4 Results showed a sensitivity of 62.8% with the seven-point score, and a sensitivity and specificity of 85.7% and 100%, respectively, with the four-point score. 4 The authors comment that the abscence of the ICV also appears to be the most sensitive and earliest sign. 4 In our case, CTA revealed opacification in the cortical surface and in the hemispheres suggestive of cerebral perfusion, contrary to the true clinical picture. We obtained a score of two on a seven-point score and four-point score for our case, as summarised in table 1. We believe that the presence of multiple skull and facial fractures contributed to persistent cerebral cortical blood flow owing to cerebral decompression, allowing the vasculature to show pseudoactivity and hence a false-negative CTA. This point needs to be remembered while interpreting the CTA in the context of traumatic brain injury with multiple skull fractures.
Cerebral angiogram remains the gold standard test for demonstrating the cerebral vasculature; however, CTA is used as an adjunct or a screening tool due to the ease of performing one and owing to its availability. Studies recently have revealed that sensitivity and specificity were higher than previously reported, suggesting that CTA may be used as an initial screening tool in lieu of DSA in case of detection of intracranial aneurysms in subarachnoid haemorrhage. 5 One can argue to extend the benefit of utilising CTA in our clinical scenario of demonstrating activity in the cerebral vasculature in a patient with traumatic brain injury as well. In our case, we did not proceed with the cerebral angiogram because of the false-negative result.
'False-negative' CTA and use of ancillary tests CTA is an acceptable and technically easier modality to confirm absence of cerebral blood flow. However, the presence of multiple skull fractures led to prominent cortical veins and deep venous drainage. This is something which is not highlighted in the literature. 'False-positive' results are known to occur from the study by Frampas et al. 6 Muscle relaxants, hypothermia, reversible endocrine, circulatory and metabolic abnormalities must be ruled out at the time of brain death testing. The ancillary tests commonly used as adjuncts to aid the diagnosis are ▸ In case of false-positive or false-negative CTA, cerebral angiogram can be used to demonstrate flow void in the cerebral vasculature. CTA is much easier to perform and the literature also favours CTA for confirmation of brain death. 
